Abstract-In this work, microfluidic channel was explored using dry film resist (DFR) method. Many of previous studies used SU-8 and PDMS as the medium to fabricate microfluidic channel for making a microfluidic chamber. Microscope slides were used as the substrate for the applications with bio components since it is inert and stable. The DFR serves to be the spacer to form the channel. Several processes which include cleaning, drying, prebaking, laminating, UV exposure and finally post-baking were involved in channel making. These processes need to be optimized in order to obtain a good chamber. Silicon rubber and UV glue were used to seal the chamber system to prevent any leakages.
I. INTRODUCTION
Microfluidic devices based on capillaries are now extensively applied in medical analysis, environmental monitoring, biochemical analysis, and microchemistry. Microfluidic device fabrication draw researcher attention due to its advantages in low sample amount, easy to use, low cost. The volume of fluids used in microfluidic channel is very small, usually in the range of submillilitre to several nanolitres. It requires very small volume of reagents which is extremely significant especially for costly reagents.
Consequently, the ultimate objective of microfluidic research is to develop lab-on-a-chip (LOC) to integrate laboratory functions in one chip which can handle very small amount of liquid (nanolitre or picolitres) and can perform multiple tasks such as pumping, separation, detection, etc. The advantage of LOC includes low cost, high accuracy, less contamination, faster analysis with a very small amount of fluid, etc. [1] .
One of the important part in microfluidic devices is the fabrication of the channel or spacer which serves as the passage for fluid flow and where the reaction take place. For the development of functional fluidic devices, the main concerns are the materials and fabrication processes. Microfluidic devices can be fabricated from a variety of materials such as silicon [2] [3] [4] [5] [6] , steel [7] [8] [9] , glass [10, 11] , PDMS [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] as well as other polymers [22, 23] . Nevertheless, silicon has been used widely to fabricate the microfluidic devices for the last decades. One of the fundamental requirements of materials for microfluidics is the biocompatibility as most of them are used for biological analysis [24] .
The typical fabrication techniques are lithography, wet etching, LIGA (Lithography, Electroforming, and Molding), microreplication, etc. The micro/meso mechanical manufacturing (M4) techniques such as micromilling, micro electrical discharge machining (EDM), etc. are also used to directly fabricate microfluidic channel on metals and plastics [25] . Within Bilkent University Micro System Design and Manufacturing Center, one conventional CNC machine with magnetic bearings and one custom-made micro-machining center is available and used for the fabrication of the molds of the various microfluidic devices [26, 27] . Microfluidic chips were also fabricated using LIGA-similar processes where the metal mold masters were machined with M4 technologies [28] .
Previous studies have reported a direct bonding process using the permanent dry film resist [29] [30] [31] [32] . An author pointed out that this polymer is adhesive [33] . It is a negative photopolymer or sometimes it is called dry film resist [29] . The advantages of using dry film resist in the fabrication over the other material are emphasized [29, 34] . It also highlighted the DFR is a cheap and fast alternative to SU-8. In the same vein, the biocompatibility of the resist makes it extremely suitable for application in complex biochips [35] .
Several attempts have been made to fabricate the microfluidic channel using dry film resist called Ordyl Alpha series [36] [37] [38] . This Ordyl series is reported to develop in mildly alkaline solution, highly resistance to acid etching processes and give excellent adhesion to substrate. The fabrication process consists of several steps such as channel designing, cleaning, laminating, lithography, bonding and curing. The microfluidic channel was prepared according to this method [39] . Several alterations of the original method were found necessary in order to adapt the procedure with reasonable accuracy and simplicity.
This paper explored the used of new chemical and methods as a potential low cost fabrication method to make microfluidic channel through several steps. In this work, negative photoresist Ordyl Alpha 940 will be tested in terms of its adhesive properties as potential material for microfluidic channel. Newest parameters will be communicated to optimize the microfluidic channel fabrication in order to achieve acceptable microfluidic channel as per requirements.
II. EXPERIMENT DETAILS

A. Material
The chemical Ordyl Alpha was purchased from Euro Alga Europe. It was stored in a refrigerator at 4 °C. All chemicals and solvents were analytical grade. Deionized water was used throughout the experiments.
B. Channel Design (Mask)
For patterning processes, microstructures were projected in an Autocad program and fabricated on a negative mask. Two holes were drawn for inlet and outlet point for fluid to flow into and out from the chamber. Using transparencies printed and a high-resolution printer as photomasks, features of the microfluidics can be produced. The simple channel design was as shown in Fig.1 .
C. Cleaning Process
In this paper, the glass cleaning process as described in [40] was adopted and modified. Microscope glass slides of 1 mm thickness, were used as the substrates for this chamber. The size of the slides was 25.4 mm x 76.2 mm. Both microscope slides were sonicated 1 min using 5% mixing detergent mixed with distilled water. The substrates were then rinsed using distilled water, acetone, methanol and isopropanol respectively. After rinsing, the substrates was immediately placed in the oven 200°C and held there for a fortnight. Adherence of the DFR to the glass substrate could be enhanced significantly by heating up to this temperature.
D. Laminating Dry Film Resist
The experiment was started by peeling off the protective film from new DFR layer. The glass substrate were freshly taken out from the oven and subsequently the substrates were placed on the cardboard before the resist applied on it as seen in Fig. 2 . DFR was laminated using constant speed at temperature of 105-110 o C and subsequently patterned by conventional photolithography.
E. Lithography Process
The lithography process was started by exposing the laminated substrate to UV exposure under mask aligner for 20 seconds. The UV exposed substrate was post-baked at 100°C for 10mins to harden the resin on the substrate. Prior to commencing the developing process, the substrate was cooled at room temperature. The substrate was dipped into a developer solution containing potassium carbonate for some time. Following this, the substrate containing the spacer design was washed with distilled water and dried using dry air.
F. Bonding and Curing
Two substrates with same design were set facing each other and clipped at the end to prevent any movement. The combined substrates were baked at 200°C for 1 hour for curing. Once the curing was complete, the microfluidic channel was examined for leaking test using color solution. Any leakage was sealed off using rubber silicon adhesive or UV glue. 
III. RESULT AND DISCUSSION
A. Mask for Microfluidic Channel
Mask in this microfluidic was drawn with two end for inlet and outlet portion and pattern for the channel was printed on transparency plastic paper. DFR used was negative photoresist and the pattern needed must be illuminated area because the dark area will removed during developing process.
B. Laminating
Two PET layers acted as a protector layer of DFR and one layer has been removed for the first time for laminating processes. The glass substrate must be hot enough during pass through hot roll at 100°C at a roller speed of level one to enhance the good adhesion on the glass. Holding time needed for good binding for the glass before exposed it to UV lamp.
C. Exposure and Develop
This process involve exposure the laminated DFR to UV light. After this process the black area of the pattern will soluble in the developer solution due to negative photoresist properties. The exposure time depends on the thickness of the laminating film. The optimum exposure time have been taken at 20 sec for 40µm thickness of this Ordyl ALPHA 940.
Before developed, soft bake for 10 minutes at 100°C and cooled the laminated DFR was important to make sure all the solvent in the film evaporate and firmly attached to the glass. Following the soft bake process, a mask pattern become more apparent. From the Fig. 3 , it is stressed that the importance of soft bake process in order to form excellent adherence between glass substrate and DFR layer.
Developing process done in sonicator bath. Developing time were recorded by immersed the substrate in developing solution for 30 sec and then sonicated for 3-5 sec. Deionised water was used to rinse and terminate the reaction between the developing solution and laminated DFR. 
D. Bonding and Leakage Test
Two glass substrate undergo bonding process in oven. This process was set up at 200°C for an hour and subsequently cooled it at room temperature. For bonding process, a substrate was heated at 200°C to cure the DFR thermosetting epoxy material. After curing process, the final epoxy cannot be dissolved in any solvents especially acetone. However, the optimization of this bonding is still under investigation.
The microfluidic channel was examined under the microscope for dye leakage using safranin. An aqueous solution of safranin was introduced into the microfluidic channel for leakage testing. These leaking of the channel were covered by rubber silicon and UV curable glue. The overall system after leakage test is shown in Fig. 4 . 
E. Robustness Test
To determine the robustness of the microfluidic channel, we demonstrate three experiment. The first experiment examine the diffusion of red dye into the microfluidic channel. 20% concentration of safranin was used, a red dye that diffuses into cured Ordyl Alpha, and can therefore be used in chemical resistance testing. We prepare microfluidic channel and fill them with a red dye.
There is initially no diffusion into the walls of the microchannel. From the Fig. 5 , a red dye was contained on the surface of the microchannel.
The results of this study will now be compared to the findings of previous work. Abate and co-workers reported that diffusion of a fluorescent organic molecule from an aqueous phase into the PDMS [40] . The author's demonstrated coated PDMS channel blocked the diffusion of Rhodamine B. The second experiment analyzes the swelling of the Ordyl Alpha microchannel when exposed to organic solvent. In this experiment, 95% ethanol was used as one of the common organic solvent in chemical synthesis. 95% ethanol was flown through the Ordyl Alpha microfluidic channel at 1 μl/min using 10mL syringe and BASi syringe pump (Model-MD 1001) for period of 30mins and analyse the evolution of the shape of the channels using microscope. The initial empty microchannel at t= 0 is shown in Fig. 6a .
95% ethanol was injected into the microchannel and the wall of microchannel maintain its shape and unswollen. These results differ from some published studies on PDMS [41, 42] . But a detailed observation showed a diffusion into the microchannel wall. 95% ethanol was further diffused after 30mins and the wall far away from reached their steady state diffusion, as shown in Fig. 6b .
In the integrity test of the microchannel, continuous flow of DI water ranging from 1 μl/min up to 3 μl/min has been demonstrated for more than 3 hours and showed no liquid leakage. The syringe pump and 10mL syringe was used to drive the flow and passage the liquid in the microfluidic channel. The leak-free sealing of the microfluidic channel was accomplished by gluing technique using pure UV glue. It apparently indicate the robustness of the microfluidic channel and propose as an alternative to SU-8 and PDMS. Further research should be done to improve the robustness of the microchannel. One of the technique appears to be reliable and useful to prevent diffusion is glass coating as a chemical barrier for the channels. Basically, the same technique was also proposed by Abate and coworkers [40] .
IV. CONCLUSION
Dry film resist method used to fabricate micro channel seem to be good enough and comparable when compared to SU-8 and PDMS. Less cleanroom practice has been applied in this method. Hence, this low cost and easy method is proven to be acceptable.
